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Effects of 1713-Estradiol on Distribution of Pituitary Isoforms of Luteinizing Hormone and
Follicle-Stimulating Hormone during the Follicular Phase of the Bovine Estrous Cycle'
F.N. KOJIMA, A.S. CUPP, T.T. STUMPF,3 D.D. ZALESKY,4 M.S. ROBERSON, 5 LA WERTH, 6 M.W. WOLFE,7
RJ. KITTOK, H.E. GROTJAN, and J.E. KINDER2
Department of Animal Science, University of Nebraska-Lincoln, Lincoln, Nebraska 68583-0908
ABSTRACT
The objective of this study was to examine the influence of 170-estradiol (E2) on distribution of LH and FSH isoforms during
the follicular phase of the bovine estrous cycle prior to the preovulatory surges of LH and FSH. On Day 16 of the estrous cycle
(Day 0 = estrus), intact controls (CONT; n = 4) were treated with prostaglandin F: (PGF,.) to induce luteal regression and
initiation of the follicular phase. Other cows were also treated with PGF,, and either ovariectomized (OVX; n = 5) or ovari-
ectomized and given E2 implants (OVXE; n = 6) to mimic the pattern of increasing E, concentrations during the follicular phase
of the estrous cycle. Pituitaries were collected 40 h after treatment with PGFz, or ovariectomy (0 h). Aliquots of pituitary extracts
were chromatofocused on pH 10.5-4.0 gradients. The LH resolved into thirteen isoforms (designated A-L and S, beginning with
the most basic form) while FSH resolved into nine isoforms (designated I-IX, beginning with the most basic form). The percentage
of LH as isoform F (elution pH = 9.32 + 0.01) was greater (p < 0.05) in the OVX group (48.5%) than in the OVXE group
(45.0% ). LH isoforms I (elution pH = 6.98 ± 0.01) and J (elution pH = 6.48 ± 0.01) were more abundant (p < 0.05) in cows
from the OVXE (2.3 and 5.8%, respectively) than the OVX group (1.4 and 3.7%, respectively). Distribution of LH isoforms in
cows from the three groups did not differ (p > 0.10). Distribution of FSH isoforms were similar (p > 0.05) among all groups.
In summary, removal of the ovary (OVX) resulted in a slight increase in percentage of the basic LH isoform F, while removal
of the ovary and administration of E2 (OVXE) in a pattern that mimicked increasing concentrations of E2 during the follicular
phase of the estrous cycle resulted in a slight increase in the percentage of acidic LH isoforms (I and J). There was no influence
of ovariectomy or treatment with E2 on distribution of FSH isoforms in the pituitary. Thus, gonadotropin heterogeneity does not
appear to change significantly during the follicular phase of the bovine estrous cycle.
INTRODUCTION
The pituitary gonadotropins, LH and FSH, from several
species that exhibit microheterogeneity exist as families of
charged isoforms or "isohormones" [1-5]. These variant
isoforms differ in their isoelectric points (pI), receptor
binding, and biological potencies [6-9], and they result in
part from heterogeneity in their oligosaccharides [10, 11].
All isoforms of the rat [4, 8, 9], sheep [5], cow [12], and hu-
man [13] LH possess significant bioactivity as measured by
a rat interstitial cell bioassay. Generally in most species, the
most basic LH isoforms have the greatest bioactivity, whereas
the more acidic LH isoforms have lower bioactivity
[4, 8, 9,13,14], with the exception of the ovine and bovine
species, in which the mid-alkaline LH isoform of F has greater
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bioactivity than either the more alkaline or acidic LH iso-
forms [5,12]. Similarly, receptor binding activity of the
hamster [15] and rat [16] FSH isoforms declines as the pI
decreases. However, more acidic rat FSH isoforms display
a longer circulatory half-life in vivo [17].
The distribution of the LH and FSH isoforms in the pi-
tuitary is altered by gonadal steroids. Distribution of the
isoforms in the pituitary varies during stage of the repro-
ductive cycle in rodents [18-20] and primates [21], and dif-
fers as a result of castration in rodents [3, 9, 14, 15], sheep
[5], and cattle [12] or as a result of steroid hormone re-
placement in sheep [5] and cattle [12]. Interestingly, the
amounts of biologically potent basic isoforms of LH in-
crease during the preovulatory surge of gonadotropins in
the rat [18] and during the midcycle surge of gonadotropins
in primates [21, 22], whereas the amounts of biologically
less potent, more alkaline or acidic rat LH isoforms remain
constant throughout the entire estrous cycle [18]. These re-
sults are consistent with those of earlier studies where an
increase in bioactivity of LH in circulation was observed
during the preovulatory surge of LH in rats [23, 24] and dur-
ing the midcycle gonadotropin surge in monkeys [25-27].
It has been reported that pattern and distribution of ovine
and bovine LH [28] and rat [17], hamster [19], and human
FSH [29] isoforms released from the anterior pituitary in
vitro generally reflect the pituitary intracellular isoforms.
According to these previous studies, changes in the endo-
crine milieu of animals not only alter the quantity of pi-
tuitary gonadotropins but also the quality of gonadotropins.
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Thus, changes in the profile of gonadotropin isoforms could
have a role in regulating reproductive function [30].
In general, the follicular phase of the bovine estrous cycle
is a transition from luteal regression to the preovulatory
surge of gonadotropins. The follicular phase of the estrous
cycle is accompanied by increasing concentrations of 171-
estradiol (E2) after a decline in concentrations of proges-
terone [31, 32]. During this period, mean concentrations of
LH increase linearly [33, 34], with an increase in frequency
[34] and amplitude of LH pulses [35]. The preovulatory surge
of gonadotropins occurs 50-70 h after treatment of cows
with prostaglandin F2a (PGF2,) [36, 37] or after the initiation
of sequential E2 implantation in ovariectomized cows [32].
The distribution of intrapituitary gonadotropin isoforms has
not been evaluated during the follicular phase of the bo-
vine estrous cycle, when concentrations of E2 and LH are
dramatically increased. The advantages of utilizing the cow
as a model are the relatively large anterior pituitary glands,
well-characterized reproductive cycles, and experimentally
manipulatable endocrine systems. Thus, the pattern of E2
in circulation can be experimentally manipulated by the ex-
ogenous source of E2 to mimic the endogenous pattern
during the follicular phase of the bovine estrous cycle.
Therefore, we hypothesized that different patterns of go-
nadotropin isoforms would exist during the preovulatory
surge of gonadotropins as a result of the increased con-
centrations of E2 that occur during the follicular phase of
the estrous cycle. The change in pattern of gonadotropin
isoforms may provide an appropriate stimulus for ovula-
tion. If this is the case, the acute increase in concentrations
of E2 during the follicular phase of the bovine estrous cycle
or increasing exogenous E2 in the ovariectomized animal
should alter the distribution of LH and FSH isoforms in the
pituitary prior to the preovulatory surge of gonadotropins.
This should be different from the case in the ovariecto-
mized animal with no gonadal steroids in circulation. In
addition, if E2 is the only factor regulating distribution of
LH and FSH isoforms, the follicular phase intact animal and
the ovariectomized animal receiving exogenous E2 should
have similar patterns of isoforms.
MATERIALS AND METHODS
Experimental Protocol and Collection of Pituitaries
The experimental protocol is described in detail in a
companion paper [38]. Briefly, the estrous cycles of fifteen
mature beef cows (2-7 yr of age) were synchronized by
two injections of PGF2, (Lutalyse® Sterile Solution; The Up-
john Co., Kalamazoo, MI) 11 days apart. On Day 16 of the
following estrous cycle (Day 0 = estrus), controls (CONT;
n = 4) were treated with PGF2, (Hour 0) to induce luteal
regression and initiation of the follicular phase. Other cows
were also treated with PGF2 , and either ovariectomized
(OVX; n = 5) or ovariectomized and treated with E2 im-
plants (OVXE; n = 6) [35] at 0, 10, 15, 20, and 30 h (ovari-
ectomy = 0 h) to mimic the pattern of increasing E2 con-
centrations during the follicular phase of the bovine estrous
cycle. The E2 (Sigma Chemical Co., St. Louis, MO) was ad-
ministered via polydimethylsiloxane intravaginal implants
(3.35 mm i.d. x 4.65 mm o.d. x 13.5 cm; Dow-Corning,
Midland, MI) filled with E2. Pituitaries were collected 40 h
after injection of PGF2a or ovariectomy. Immediately after
removal, anterior and posterior lobes of each pituitary were
separated, and the anterior lobe was hemisected. Pituitary
tissues were then frozen in liquid nitrogen and stored at
-70°C until extracted.
Tissue Extraction
Frozen pituitary tissue was homogenized for 30 sec in
150 mM NaCl buffered with 50 mM Tris, pH 7.4, containing
0.5% (vol/vol) Triton X-100, 5 mM Na2 EDTA, 1 mM phen-
ylmethylsulphonyl fluoride, 0.5 mg/L leupeptin, and 200 U/
ml aprotinin (1.0 ml/100 mg wet tissue weight) with a
polytron homogenizer (Brinkman Instruments, Westbury,
NY). Pituitary extracts were clarified by centrifugation at
100 000 x g for 1 h, aliquoted into 0.5-ml portions (equiv-
alent to 50 mg tissue), and stored at -70 0C until chroma-
tofocused.
Chromatofocusing
Aliquots of pituitary extract were subjected to chromato-
focusing on pH 10.5-4.0 gradients. A 0.5-ml aliquot (50 mg
tissue equivalent) was desalted by flow dialysis against water
using 6000-8000 Mr cutoff membranes (Spectra/Por 1;
Spectrum Medical Industries, Inc., Los Angeles, CA). De-
salted extracts were supplemented to 2% (vol/vol) with
Pharmalyte 8-10.5 (pH 7.0; Pharmacia/LKB Biotechnology
Inc., Piscataway, NJ). Two milligrams each of cytochrome C
and myoglobin were added to the sample, and the mixture
was applied to a 10-ml (0.7 x 26 cm) column (Kontes,
Vineland, NJ) of PBE-118 resin (Pharmacia/LKB Biotech-
nology Inc.) previously equilibrated in 25 mM triethyl-
amine (pH 11.0). The pH gradient was developed (5 ml/
h) with Pharmalyte 8-10.5 diluted 1:45 with distilled water
and adjusted to a pH of 7.0 with 6 N HCI at 5 ml/h. Seventy-
five 1.5-ml fractions were collected to obtain a stable pla-
teau near pH 7.0. The elution buffer was then switched to
Polybuffer 74-HCl (Pharmacia/LKB Biotechnology Inc.) di-
luted 1:8 with distilled water and adjusted to a pH of 4.0
with 6 N HCI. An additional seventy 1.5-ml fractions were
collected to reach a stable lower limiting pH of 4.0. Pro-
teins bound to the column at this lower limiting pH were
eluted with 1.0 M NaCl and collected as an additional twenty
1.5-ml fractions. The fractions were neutralized by addition
of 0.15 ml of 1.1 M Tris buffer (pH = 7.0). Columns were
re-equilibrated between samples with at least 50 column
volumes of triethylamine. All buffers were thoroughly de-
gassed before use and contained 1% glycerol. Recovery of
immunoreactive LH and FSH from the columns averaged
89% and 85%, respectively.
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RAs
Concentrations of LH in pituitary extracts and chromato-
focusing fractions were determined by RIA [39] as validated
in our laboratory [40]. Intra- and interassay coefficients of
variation were 3.0% and 13.2%, respectively, and assay sen-
sitivity was 29.8 pg/ml. Concentrations of FSH in pituitary
extracts and chromatofocusing fractions were determined
by RIA [40,41]. Intra- and interassay coefficients of variation
were 2.4% and 12.7%, respectively, and assay sensitivity was
74.1 pg/ml.
Statistical Analysis
The effects of treatment on pituitary hormone charac-
teristics were analyzed by one-way analysis of variance [42]
according to the General Linear Models procedure of SAS
[43]. Differences in treatment means were detected by Dun-
can's New Multiple Range test [42]. Percentage values were
subjected to arc sine transformations (arc sine of the square
root of the proportion corrected to an angle between 0 and
90°) before analysis. A probability of less than 0.05 was con-
sidered statistically significant.
RESULTS
Concentrations of LH, FSH, and E2 in Circulation
Concentrations of these hormones are described in de-
tail in the companion paper [38]. Briefly, concentrations of
E2 in the OVX cows remained low after ovariectomy through
40 h, at the end of which pituitaries were collected. Cows
from the CONT and OVXE groups had increasing concen-
trations of E2 in circulation during the 40-h period, and the
pattern of increasing E2 did not differ between these groups.
Therefore, the experimental protocol for administration of
E2 implants (OVXE) used in the present study effectively
mimicked the pattern of increasing concentrations of E2 in
intact animals (CONT) during the follicular phase of the
bovine estrous cycle [38].
Mean concentrations of LH were greater (p < 0.05) in
cows from the OVXE group during 40 h of blood collec-
tions (see companion paper [38] for experimental protocol
for blood collections) after injection of PGF2a, ovariectomy,
and/or initiation of E2 implants compared to LH concen-
trations in the CONT group. Mean concentrations of LH were
similar (p > 0.10) among cows from the OVX and CONT
groups during 40 h of blood collections. Mean concentra-
tions of FSH were greater (p < 0.01) in cows from OVX
and OVXE groups during 40 h of blood collections after
initiation of the treatment compared to those from the CONT
group, where mean concentrations of FSH remained sim-
ilar (p > 0.10) in cows from the OVX and OVXE groups.
Mean pituitary weights and pituitary contents of LH and FSH
were similar (p > 0.10) among all groups [38].
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FIG. 1. Representative chromatofocusing elution profile of immuno-
reactive LH in pituitary. A 0.5-ml aliquot of pituitary extract (50-mg tissue
equivalents) was chromatofocused on a pH 10.5-4.0 gradient. Each peak
was coded with a letter beginning with the most basic form (A through L).
Proteins bound to column at lower limiting pH were eluted with 1.0 M NaCI
and designated peak S. Pituitaries were collected 40 h after treatment with
PGF 2,,, ovariectomy, or initiation of E2 treatment (0 h).
LH Isoforms
The LH in each pituitary extract resolved into thirteen
isoforms when chromatofocused over a pH 10.5-4.0 gra-
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TABLE 1. Distribution of bovine LH isoforms in anterior pituitary tissue.'
Treatments2
Isohormone (Elution pH) CONT OVXE OVX Pooled SEM
A (11.15 + 0.03) <<0. 1 0.02
B (10.09 + 0.01) 0.3 0.2 0.3 0.03
C (9.68 ± 0.01) 0.5 0.7 0.9 0.16
D (9.54 ± 0.01) 2.9 2.6 3.3 0.40
E (9.44 ± 0.01) 11.5 11.8 11.6 0.71
F (9.32 - 0.01) 46.8ab 45.0b 48.5a 0.85
G (8.78 - 0.03) 23.1 22.4 23.2 0.94
H (7.51 - 0.02) 2.6 2.4 1.8 0.36
I (6.98 - 0.01) 1.8ab 2.3a 1.4b 0.21
J (6.48 - 0.01) 5.4ab 5.8a 3.7 b 0.58
K (5.48 - 0.02) 3.7 4.9 4.0 0.65
L (4.27 - 0.02) 0.9 1.2 0.8 0.14
S (< 4.0) 0.5 0.7 0.5 0.07
'Mean percentages for each isoform.
2CONT: control cows were treated with PGF2, (n = 4); OVXE: ovariectomized and treated with E2 (n = 6); OVX:
ovariectomized (n = 5); pituitaries collected 40 h after treatment with PGF2,, ovariectomy or initiation of E2 treatment(0 h).
"'bMeans identified by different superscript letters within rows differ (p < 0.05).
dient (Fig. 1 and Table 1). The isoforms of LH were coded
with letters A-L and S, beginning with the most basic form.
Twelve isoforms eluted in the separating pH range of the
column, and the thirteenth isoform was bound to the col-
umn at the lower limiting pH. The predominant LH iso-
forms that eluted in the basic pH range were F and G, and
those forms accounted for at least 60% of the immuno-
reactive LH in the pituitary.
Differences existed in distribution of LH isoforms in pi-
tuitaries among cows from the OVX and OVXE groups. The
percentage of LH as isoform F (elution pH = 9.32 ± 0.01)
was greater (p < 0.05) in the OVX group (48.5%) than in
the OVXE group (45.0%). LH isoforms I (elution pH = 6.98
± 0.01) andJ (elution pH = 6.48 ± 0.01) were more abun-
dant (p < 0.05) in cows from the OVXE (2.3 and 5.8%,
respectively) than from the OVX group (1.4 and 3.7%, re-
spectively). Distribution of LH isoforms in cows from the
CONT group did not differ (p > 0.10) from either the OVX
or OVXE groups. The quantity of each LH isoform (data not
shown) and the pituitary content of LH [38] were not dif-
ferent (p > 0.10) among groups.
FSH Isoforms
The FSH in each pituitary extract resolved into nine iso-
forms when chromatofocused on a pH 10.5-4.0 gradient
(Fig. 2 and Table 2). Isoforms of FSH were coded with Ro-
man numerals I-IX, beginning with the most basic form.
Seven isoforms eluted in the separating pH range of the
column (I-VII), while VIII and IX were bound to the col-
umn at the lower limiting pH of 4.0. One isoform of FSH,
I, eluted in the basic pH range (pH > 7.0), while all other
isoforms of FSH eluted in the acidic pH range (pH 7.0-
4.0). The distribution of FSH among its isoforms was not
different (p > 0.05) among treatments, and the quantity of
each FSH isoform (data not shown) and the pituitary con-
tent of FSH [38] were not different (p > 0.10) among treat-
ments.
DISCUSSION
The distribution of gonadotropin isoforms is thought to
reflect the endocrine status of the animal. The experimental
protocol used in the present study provided a means for
examining the effects of E2 on distribution of gonadotropin
isoforms during the follicular phase of the bovine estrous
cycle. Cows from the OVX group were used as a negative
control (no gonadal steroids), while cows in the OVXE group
were administered E2 implants in a manner that mimicked
the pattern of increasing concentrations of E2 during the
follicular phase of the bovine estrous cycle. Comparable
concentrations of E2 were observed in the CONT and OVXE
groups. Furthermore, none of the animals initiated the pre-
ovulatory (CONT) or preovulatory-like (OVXE) LH surge
before collection of pituitaries in the present study [38].
Gonadotropin isoforms were analyzed by chromatofo-
cusing on pH 10.5-4.0 gradients. These pH gradients were
extended below 7.0 to 4.0, which allowed for characteriza-
tion of both LH and FSH isoforms with a single chromato-
graphic separation for each pituitary extract [12]. The LH in
extracts of bovine pituitaries resolved into thirteen iso-
forms when chromatofocused on pH 10.5-4.0 gradients [12].
The distribution pattern of LH isoforms observed in the
present study corresponded closely to previous results ob-
tained for sheep [5] and cattle [12, 28, 44] in the basic por-
tion of the gradient (pH 10.5-7.0), and also corresponded
to results obtained for sheep [45] and cattle [12] in the acidic
portion of the gradient (pH 7.0-4.0). The predominant LH
isoforms that eluted in the basic pH range were F and G,
and those forms accounted for at least 60% of the immu-
noreactive LH in the pituitary. The present results were thus
300
ESTRADIOL AND DISTRIBUTION OF BOVINE GONADOTROPIN ISOFORMS
similar to those observed in the previous study using cattle
[12].
The FSH in pituitary extracts resolved into nine isoforms
when chromatofocused on pH 10.5-4.0 gradients. The dis-
tribution pattern of FSH isoforms observed in the present
study corresponded closely to previous results obtained for
cattle [12]. Seven isoforms eluted in the separating pH range
of the column, and two were bound to the column at the
lower limiting pH. We previously reported FSH isoform VIII
in bovine pituitary extracts, which was not tightly bound to
the column and eluted immediately after 1 M NaCl was ap-
plied to the column [12]; however, isoform VIII constituted
less than 1% of the immunoreactive FSH in all pituitary ex-
tracts in the present study. This probably was the result of
the extended plateau at the lower limiting pH of 4.0 in the
present study. The most acidic isoform, X, was tightly bound
to the column and eluted as the 1 M NaCl front reached
the bottom of the column; this isoform accounted for at
least 23% of the immunoreactive FSH in the pituitary. Iso-
form IX may contain multiple components that could be
resolved by an elution pH of less than 4.0 or by alternate
procedures.
Analysis of isoforms of ovine FSH by chromatofocusing
on pH 7.0-4.0 gradients also yields nine isoforms, in which
the most basic ovine FSH isoform elutes as a flow-through
peak indicating an elution pH of greater than 7.0 [46]. Sim-
ilar to our previous study [12], in the present study the most
basic isoform of bovine FSH, I, was observed as a distinct
peak in cows of the OVX and OVXE groups. Interestingly,
this peak was not observed in the intact (CONT) cows.
However, neither the percentage nor quantity of FSH iso-
form I differed among treatments.
We hypothesized that a different composition of gonad-
otropin isoforms would exist in the pituitary during the pe-
riod prior to the preovulatory surge of gonadotropins, which
would provide an appropriate stimulus for ovulation in the
bovine. The distributions of LH isoforms in the pituitaries
of all groups were similar in that none of the thirteen ob-
served isoforms constituted biologically meaningful changes
in the distribution of immunoreactive LH. However, differ-
ences between cows from the OVX and OVXE groups in
isoforms F, I, and J were observed. A greater percentage of
LH was present as isoform F in the OVX than in the OVXE
group (48.5% and 45.0%, respectively), whereas the less
prevalent isoforms I and J were more abundant in cows
from the OVXE than the OVX group (1.4 and 2.3%; 3.7 and
5.8%, respectively). The distribution of all LH isoforms in
cows from the CONT group was not different from that in
either the OVX or OVXE groups. Nonetheless, differences
in the distribution of LH isoforms in the pituitary among
treatments were relatively small.
It has been reported that castration significantly in-
creased the percentage of basic isoforms in rats [47] and
sheep [5,48], and castration or ovariectomy followed by
treatment with E2 resulted in a significantly greater per-
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FIG. 2. Representative chromatofocusing elution profile of immuno-
reactive FSH in the pituitary. A 0.5-ml aliquot of pituitary extract (50-mg
tissue equivalents) was chromatofocused on a pH 10.5-4.0 gradient. Each
peak was coded with Roman numerals beginning with the most basic form
(I through VII). Proteins bound to column at lower limiting pH were eluted
with 1.0 M NaCI and designated peaks VIII and IX. Pituitaries were collected
40 h after treatment with PGF2,,, ovariectomy, or initiation of E2 treatment(0 h).
centage of acidic isoforms of LH in sheep [5] and cattle [12].
The experimental protocol used in the present study al-
lowed for manipulation of the pattern of E2 in circulation
of animals in a short-term period analogous to the hor-
monal milieu observed during the follicular phase of the
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TABLE 2. Distribution of bovine FSH isoforms in anterior pituitary tissue.1
Treatments2
Isohormone (Elution pH) CONT OVXE OVX SEM
(9.07 + 0.003) 9.5 8.6 8.8 0.88
11 (6.46 + 0.009) 5.5 5.9 3.8 0.93
III (5.30 + 0.023) 10.2 8.0 8.6 0.85
IV-VI (4.66 + 0.017) 29.6 29.9 33.4 1.34
VII (4.06 + 0.018) 21.3 22.9 21.9 1.09
VIII (4.59 + 0.026) 0.6 0.9 0.6 0.17
IX (< 4.0) 23.3 23.8 23.0 1.59
'Mean percentages for each isoform.
2CONT: control cows were treated with PGF2. (n = 4); OVXE: ovariectomized and treated with E2 (n = 6); OVX:
ovariectomized (n = 5); pituitaries collected 40 h after treatment with PGF2,, ovariectomy or initiation of E2treatment(0 h).
estrous cycle in the cow. This experimental protocol re-
sulted in slight shifts in the distribution of LH isoforms.
However, the differences observed in the present study were
not of the same magnitude as reported previously in rats
[47], sheep [5, 48] and cattle [12]. It is likely that long-term
gonadectomy has a more pronounced effect on distribution
of LH isoforms. The increase in the percentage of either
basic or acidic isoforms observed in previous studies
[5, 12,47, 48] might have developed over a longer period
of time, whereas short-term changes in the hormonal mi-
lieu would be required to change the pattern of LH iso-
forms during the estrous cycle. Therefore, the experimen-
tal protocols that include long-term gonadectomy and/or
steroid hormone replacement, which resulted in significant
changes in the pattern of gonadotropin heterogeneity, might
not represent a normal physiological state of the animal.
Furthermore, similar distributions of LH isoforms were
observed throughout sexual maturation in heifers [12], and
no major changes in pattern of LH isoforms occurred be-
tween follicular and luteal phases of ewes [49]. These stud-
ies with intact animals have disclosed minor changes in LH
heterogeneity, at least in sheep [49] and cattle [12]. There-
fore, the present and previous studies indicate that there
are not significant changes in the distribution of LH iso-
forms in the pituitary of intact animals with functional go-
nads during the time when peripheral concentrations of LH
exhibit markedly divergent patterns. The changes in the
distribution of FSH isoforms were less pronounced than
changes in LH isoforms during sexual maturation in heifers
[12] and during the follicular phase of the estrous cycle just
prior to the preovulatory surge of gonadotropins in cows
(present study). In addition, Prewitt et al. [50] recently de-
veloped an in vivo model to determine the half-lives of pu-
rified ovine LH isoforms (B, C, D, E, and F) in circulation
and assessed their abilities to stimulate testicular steroido-
genesis in rams. Results were particularly interesting, be-
cause the LH isoforms examined had similar half-lives and
biological potencies in vivo.
A variety of other studies indicated that changes in go-
nadotropin heterogeneity occur during the estrous cycle of
rodents [18-20] and during the menstrual cycle of primates
[21, 22]. If the pattern of gonadotropin isoforms changes
significantly during normal reproductive cycles in some
species (rodents and primates) but not in others (sheep
and cattle), this component of endocrine regulation may
not be universal across species.
Results of the present study indicated that there are rel-
atively small changes in the pattern of isoforms in the pi-
tuitaries of sheep and cattle with functional gonads; never-
theless, during the follicular phase of the estrous cycle,
meaningful changes in the distribution of gonadotropin
isoforms did not occur when maximum concentrations of
E2 were observed. In contrast, biologically potent basic iso-
forms of LH increase during the preovulatory surge in rats
[18] and during the midcycle surge in primates [21, 22], while
biologically less potent, more alkaline or acidic rat LH iso-
forms remain constant throughout the entire estrous cycle
[18]. These results may indicate that there are species dif-
ferences in gonadotropin heterogeneity. Therefore, changes
in LH and FSH heterogeneity do not appear to be a signif-
icant mechanism in regulating reproductive function in sheep
and cattle.
In summary, removal of the ovary (OVX) slightly in-
creased the percentage of the basic LH isoform F over that
in the OVXE group, whereas removal of the ovary and
administration of E2 in a pattern that mimicked the increase
in concentrations of E2 during the follicular phase of the
bovine estrous cycle (OVXE) resulted in a slight increase
in the percentage of the acidic LH isoforms (I and J) over
the percentage in the OVX group. However, distribution of
LH isoforms in intact cows (CONT) during the follicular
phase of the estrous cycle did not differ from that of either
the OVX or OVXE groups. There was no influence of ovari-
ectomy or treatment with E2 on distribution of FSH iso-
forms in the pituitary. Therefore, we reject our hypothesis
because a different distribution pattern of gonadotropin
isoforms does not exist in the pituitary during the follicular
phase of the bovine estrous cycle just prior to the preovu-
latory surge of gonadotropins.
ACKNOWLEDGMENTS
We thank Ken Pearson, Georgette Caddy, and Deb Clopton for assistance with
laboratory analysis; Karl Moline, Jeff Bergman, and Bob Broweleit for management
302
ESTRADIOL AND DISTRIBUTION OF BOVINE GONADOTROPIN ISOFORMS
of the experimental animals; Dr. Roger Mandigo for assistance with tissue collection;
Dr. Jerry Reeves for providing LH antisera; Dr. Jim Dias for providing FSH antisera;
Dr. Leo Reichert, Jr., for providing purified LH and FSH; The Upjohn Co. for pro-
viding Lutalyse® Sterile Solution; and the many undergraduate students for countless
hours of help during the study.
REFERENCES
1. Keel BA, Grotjan HE Jr. Luteinizing hormone microheterogeneity. In: Keel BA,
Grotjan, Jr. (eds.), Microheterogeneity of Glycoprotein Hormones. Boca Raton,
FL: CRC Press, Inc.; 1989: 149-184.
2. Wakabayashi K. Heterogeneity of rat luteinizing hormone revealed by radioim-
munoassay and electrofocusing studies. Endocrinol Jpn 1977; 24:473-485.
3. Robertson DM, Foulds LM, Ellis S. Heterogeneity of rat pituitary gonadotropins
on electrofocusing; differences between sexes and after castration. Endocrinol-
ogy 1982; 111:385-391.
4. Keel BA, Grotjan HE. Characterization of rat lutropin charge microheterogeneity
using chromatofocusing. Anal Biochem 1984; 142:267-270.
5. Keel BA, Schanbacher BD, Grotjan HE. Ovine luteinizing hormone. I. Effects of
castration and steroid administration on the charge heterogeneity of pituitary
luteinizing hormone. Biol Reprod 1987; 36:1102-1113.
6. Chappel SC, Coutifaris C, Jacobs SJ. Studies on the microheterogeneity of follicle-
stimulating hormone present within the anterior pituitary gland of ovariecto-
mized hamster. Endocrinology 1982; 110:847-854.
7. Chappel SC, Bethea CL, Spies HG. Existence of multiple forms of follicle-stim-
ulating hormone within the anterior pituitaries of cynomolgus monkeys. Endo-
crinology 1984; 115:452-461.
8. Keel BA, Grotjan HE. Influence of bilateral cryptorchidism on rat pituitary luteinizing
hormone charge microheterogeneity. Biol Reprod 1985; 32:83-
89.
9. Keel BA, Grotjan HE. Characterization of rat pituitary luteinizing hormone charge
microheterogeneity in male and female rats using chromatofocusing: effects of
castration. Endocrinology 1985; 117:354-360.
10. Cole LA, Metsch LA, Grotjan HE Jr. Significant steroidogenic activity of luteinizing
hormone is maintained after enzymatic removal of oligosaccharides. Mol En-
docrinol 1987; 1:621-627.
11. Baenziger JU, Green ED. Pituitary glycoprotein hormone oligosaccharides: struc-
ture, synthesis and function of the asparagine-linked oligosaccharides on lutro-
pin, follitropin and thyrotropin. Biochem Biophys Acta 1988; 947:287-306.
12. Stumpf TI, Roberson MS, Wolfe MW, Zalesky DD, Cupp AS, Werth LA, Kojima N,
Hejl KM, Kittok RJ, Grotjan HE, Kinder JE. A similar distribution of gonadotropin
isohormones is maintained in the pituitary throughout sexual maturation in the
heifer. Biol Reprod 1992; 46:442-450.
13. Snyder PJ, Bashey HM, Gatewood CV, Karowe M. Characterization of human
LH isohormones from fresh pituitary tissue. Mol Cell Endocrinol 1987; 54:115-
121.
14. Hattori M, Sakamoto K, Wakabayashi K. The presence of LH components having
different ratios of bioactivity to immunoreactivity in rat pituitary glands. Endo-
crinol Jpn 1983; 30:289-296.
15. Ulloa-Aguirre A, Chappel SC. Multiple species of follicle-stimulating hormone
exist within the anterior pituitary gland of male golden hamsters. J Endocrinol
1982; 95:257-266.
16. Chappel SC, Ulloa-Aguirre A, RamaleyJA. Sexual maturation in female rats: time-
related changes in the isoelectric focusing pattern of anterior pituitary follicle-
stimulating hormone. Biol Reprod 1983; 28:196-205.
17. Blum WFP, Gupta D. Heterogeneity of rat FSH by chromatofocusing: studies on
serum FSH, hormone released in vitro and metabolic clearance rates of its var-
ious forms. J Endocrinol 1985; 105:29-37.
18. Uchida H, Suginami H. Subpopulations of luteinizing hormone (LH) possessing
various ratios of bioactivity to immunoreactivity in the female rat pituitary glands
and their charges during the estrous cycle. Endocrinol Jpn 1984; 31:605-618.
19. Cameron JL, Chappel SC. Follicle-stimulating hormone within and secreted from
anterior pituitaries of female golden hamsters during the estrous cycle and after
ovariectomy. Biol Reprod 1985; 33:132-139.
20. Ozawa K, Wakabayashi K. Dynamic change in charge heterogeneity of pituitary
FSH throughout the estrous cycle in female rats. Endocrinol Jpn 1988; 35:321-
332.
21. Hamada K, Matsuura S. Cyclic changes in the charge profile of LH in anterior
pituitary glands of adult female Japanese monkeys (Macacafuscata). J Med Pri-
matol 1992; 21:316-322.
22. Wide L, Bakos O. More basic forms of both human follicle-stimulating hormone
and luteinizing hormone in serum at midcycle compared with the follicular or
luteal phase. J Clin Endocrinol & Metab 1993: 76:885-889.
23. Dufau ML, Nozu K, Dehejia A, Garcia-Vela A, Solano RR, Fraioli F, Catt KJ. Bio-
logical activity and target cell actions of luteinizing hormone. In: Motta N, Zanisi
N, Piva F (eds.), Pituitary Hormones and Related Peptides. New York: Academic
Press; 1982.
24. Mukhopadhyay AK, Leidenberger FA, Lichtenberg V. A comparison of bioactivity
and immunoactivity of luteinizing hormone stored in and released in vitro from
pituitary glands of rats under various gonadal states. Endocrinology 1979; 104:925-
931.
25. Dufau ML, Hodgen GD, Goodman AL, Cart KJ. Bioassay of circulating luteinizing
hormone in the rhesus monkey: comparison with radio-immunoassay during
physiological changes. Endocrinology 1977; 100:1557-1565.
26. Marut EL, Williams RF, Cowan BD, Lynch A, Lerner SP, Hodgen GD. Pulsatile
pituitary gonadotropin secretion during maturation of the dominant follicle in
monkeys: estrogen positive feedback enhances the biological activity of LH. En-
docrinology 1981; 109:2270-2272.
27. Schenken RS, Werlin LB, Williams RF, Prihoda TJ, Hodgen GD. Periovulatory hor-
monal dynamics: relationship of immunoassayable gonadotropins and ovarian
steroids to the bioassayable luteinizing hormone surge in Rhesus monkeys. J Clin
Endocrinol & Metab 1985; 60:886-890.
28. Zalesky DD, Grotjan HE. Comparison of intracellular and secreted isoforms of
bovine and ovine luteinizing hormone. Biol Reprod 1991; 44:1016-1024.
29. Snyder PJ, Bachey HM, Montecinos A, Odell WD, Spitalnik SL. Secretion of mul-
tiple forms of human luteinizing hormone by cultured fetal human pituitary cells.
J Clin Endocrinol & Metab 1989; 68:1033-1038.
30. Grotjan HE, Zalesky DD, Stumpf TT, Kinder JE, Nett TM. Does gonadotropin het-
erogeneity play a significant role in regulating reproductive function? In: Bou-
chard P, Caraty A, Pavlou S (eds.), Gonadotropins, GnRH, GnRH Analogs and
Gonadal Peptides. Carnforth, United Kingdom: Parthenon Publishing; 1993: 397-
407.
31. Kesner JS, Convey EM. Estradiol induces and progesterone inhibits the preovu-
latory surges of luteinizing hormone and follicle-stimulating hormone in heifers.
Biol Reprod 1982; 26:571-578.
32. Stumpf Tr, Wolfe MW, Day ML, Stotts JA, Wolfe PL, Kittok RJ, Kinder JE. Effect of
17p-estradiol on the preovulatory surge of LH in the bovine female. Therioge-
nology 1991; 36:201-207.
33. Chenault JR, Thatcher WW, Kalra PA, Abrams RM, Wilcox CJ. Transitory changes
in plasma progesterone, estradiol, and luteinizing hormone approaching ovu-
lation in the bovine. J Dairy Sci 1975; 58:709-717.
34. Imakawa K, Day ML, Zalesky DD, Garcia-Winder M, Kittok RJ, Kinder JE. Regu-
lation of pulsatile LH secretion by ovarian steroids in the heifer. J Anim Sci 1986;
63:162-168.
35. Stumpf Tr, Day ML, Wolfe MW, Clutter AC, Stotts JA, Wolfe PL, Kittok RJ, Kinder
JE. Effect of estradiol on secretion of luteinizing hormone during the follicular
phase of the bovine estrous cycle. Biol Reprod 1989; 41:91-97.
36. Stotts J, Stumpf T, Day M, Wolfe M, Wolfe P, Kittok RJ, Nielsen M, Deutscher G,
KinderJ. Luteinizing hormone and progesterone concentrations in serum of heif-
ers administered a short half-life prostaglandin analogue (Fenprostalene) on days
six or eleven of the estrous cycle. Theriogenology 1987; 28:523-529.
37. Kojima N, Stumpf TT, Cupp AS, Werth LA, Roberson MS, Wolfe MW, Kittok RJ,
Kinder JE. Exogenous progestins as used in estrous synchrony regimens do not
mimic the corpus luteum in regulation of luteinizing hormone and 171-estradiol
in circulation of cows. Biol Reprod 1992; 47:1009-1017.
38. Cupp AS, Kojima FN, Roberson MS, Stumpf TT, Wolfe MW, Werth LA, Kittok RJ,
Grotjan HE, KinderJE. Increasing concentrations of 1713-estradiol has differential
effects on secretion of LH and FSH and amount of mRNA for gonadotropin sub-
units during the follicular phase of the bovine estrous cycle. Biol Reprod 1995;
52:288-296.
39. Adams TE, Kinder JE, Chakraborty PK, Estergreen VL, Reeves J. Ewe luteal func-
tion influenced by pulsatile administration of synthetic LHRH/FSHRH. Endocri-
nology 1975; 97:1460-1467.
40. Wolfe MW, Stumpf Tr, Roberson MS, Wolfe PL, Kittok RJ, Kinder JE. Estradiol
influences on pattern of gonadotropin secretion in bovine males during the pe-
riod of changed responses to estradiol feedback in age matched females. Biol
Reprod 1989; 41:626-634.
41. Acosta B, Tarnavesky GK, Platt TE, Hamernik DL, Brown JL, Schoenemann HM,
Reeves . Nursing enhances the negative effect of estrogen on LH release in the
cow. J Anim Sci 1983; 57:1530-1536.
42. Steele RGD, Torrie JH. Principles and Procedures of Statistics. New York: Mc-
Graw-Hill Book Co.; 1980.
43. SAS. SAS User's Guide, Statistics (5th ed.). Cary, NC: Statistical Analysis System
Institute, Inc.; 1985.
44. Zalesky DD, Grotjan HE. Luteinizing hormone in the bovine pars tuberalis: se-
cretion in response to luteinizing hormone releasing hormone and intracellular
isoforms. Domest Anim Endocrinol 1991; 8:179-187.
303
KOJIMA ET AL.
45. Keel BA, Harms RL, Grotjan HE. Ovine luteinizing hormone. IV. Characterization
of acidic isohormones of ovine pituitary luteinizing hormone. Acta Endocrinol
1990; 123:563-570.
46. Keel BA, Schanbacher BD. Charge microheterogeneity of ovine follicle-stimulat-
ing hormone in rams and steroid-treated wethers. Biol Reprod 1987; 37:786-
796.
47. Schanbacher BD, Grotjan HE, Keel BA Testicular regulation of gonadotropin
microheterogeneity: effects of cryptorchidism. In: Abney TO, Keel BA (eds.), The
Cryptorchid Testis. Boca Raton, FL: CRC Press; 1989.
48. Keel BA, Zaleskv DD, Sohaili 1, Schanbacher BD, Grotjan HE. Heterogeneity of
gonadotropins and levels of uncombined luteinizing hormone subunits in pi-
tuitaries of cryptorchid rams. J Androl 1994; (in press).
49. Zalesky DD, Nett TM, Grotjan HE. Ovine luteinizing hormone: isoforms in the
pituitary during the follicular and luteal phases of the estrous cycle and during
anestrus. J Anim Sci 1992; 70:3851-3856.
50. Prewitt BK, Sohaili I, Grotjan HE. Ovine luteinizing hormone isoforms: half-lives
and abilities to stimulate testicular steroidogenesis in ram. Biol Reprod 1993;
48(suppl 1):132 (Abstract 294).
304
